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Mobile DNAs are potent sources of mutation in wild
populations, but seem only rarely to have been used
in adaptive evolution. A new study has revealed a
mobile DNA insertion in Drosophila simulans that is
associated with an apparent selective sweep and an
elevation in expression level of an adjacent gene
which creates insecticide resistance. 
The neo-Darwinian paradigm of evolutionary change
assumes that mutations occur independently of any
natural selection that will subsequently act on them.
While such independence has been challenged in
some descriptions of adaptive mutation in bacteria [1],
it is still generally accepted to apply in multicellular
organisms. It follows that, were one to examine
simultaneously the process of mutation and the
process of evolution, the kinds of mutational change
that one would see should not be different in kind from
the sorts of changes one sees occurring over evolu-
tionary time, unless different types of mutation had
systematically different phenotypic consequences:
only selection can create a systematic difference
between mutational and evolutionary changes.
A lack of agreement between mutation and
evolutionary change was first noted in the context of
dominance. In the 1920s, when the neo-Darwinian syn-
thesis was being created, it was seen that mutations in
Drosophila melanogaster are usually recessive to the
wild-type allele. The paradox was that if genes are
evolving, then the current wild-type allele would have
been a mutant when it first arose, spreading to become
the wild-type because of its advantageous phenotypic
effect. Why should advantageous mutations generally
be dominant, when their advantageousness depends
on the particular environments that they will encounter?
R.A. Fisher [2,3] suggested that the solution to this
conundrum was that dominance evolves — an
advantageous mutation is only co-dominant when it
first arises, but, as it spreads through the population as
a result of selection, evolutionary changes at other,
‘modifier’ loci cause the mutation to be dominant by the
time it is fixed in the population. For Sewell Wright [4,5],
however, the explanation was that the Drosophila muta-
tions are recessive because they inactivate genes, so
that their recessivity has a physiological, rather than an
evolutionary, cause. Wright’s prediction, subsequently
abundantly confirmed, implies that, at the molecular
level, there is no symmetry between typical major muta-
tions studied in laboratories and the adaptive changes
occurring over evolutionary time. Major mutations rep-
resent losses of gene function, a change not often used
in adaptive evolution — we do not evolve by succes-
sively losing more and more of our gene functions, but
rather by subtly altering the ways in which genes work.
Similarly, what are the evolutionary consequences of
mobile DNA insertions? It has been estimated that
80% of the spontaneous mutations seen in Drosophila
genetics result from transposable elements [6]. Do
mobile DNA insertions similarly create 80% of evolu-
tionary changes in this species? Without question, they
do not. The most revealing observation is the almost
complete absence of fixed sites of mobile DNAs in D.
melanogaster [7]. A mobile DNA insertion that created
an advantageous phenotype would be expected to
spread to fixation in the species by natural selection.
This would create a site fixed for the element through-
out the species. Such sites are very rare, although they
have recently been detected for the S element family in
heat shock protein genes [8]. Is this simply because
transposable element insertions are different in kind
from base substitutions, the typical outcome of the
insertion of a mobile DNA into the coding sequence
being a gene inactivation? Possibly, but one can easily
imagine that an insertion of a mobile DNA near to a
gene could leave the coding sequence intact but could
create a subtle, and potentially advantageous, alter-
ation in the gene’s expression pattern. 
A recent study by Schlenke and Begun [9] has
revealed an example of an adaptive change apparently
created in Drosophila simulans by the insertion of a
mobile DNA. These authors have shown that, in D. sim-
ulans, a mobile DNA insertion 5′ to the cytochrome
P450 gene Cyp6g1 has apparently created an adaptive
phenotypic change, as a result of which it has spread to
high frequency in a local population. The sign of an
adaptive change first noted by the authors was a region
of around 100 kilobases with very low heterozygosity,
but only in a D. simulans population sampled from Cal-
ifornia, and not in African samples. This appeared to be
the sign of a ‘selective sweep’. A selective sweep
occurs when a new advantageous mutation arises and
rapidly spreads through the population. Because the
mutation arises initially in a single chromosome, as it
spreads, this chromosome also spreads through the
population, eliminating the standing crop of genetic
diversity in the region. The length of the chromosome
affected by such a selective sweep depends on the rel-
ative sizes of the selective coefficient favouring the new
mutation  and the local recombination rate per base.
There are, of course, difficulties in identifying, in a
100 kilobase region that has undergone a selective
sweep, the particular mutational change in the region
that has been responsible for the selection (many
variants will have recently spread from low to high
frequency as a result of the sweep). The identification
of the cause of the sweep in D. simulans is thus based
on circumstantial evidence. Schlenke and Begun [9]
noted that there is an insertion of the non-long-terminal
repeat (LTR) retrotransposon Doc in the 5′ flanking
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region of Cyp6g1, around 200 base pairs upstream
from the start of transcription and absent in African D.
simulans lines. While this gene is not at the centre of
the chromosomal region affected by the sweep,
cytochrome P450 genes are known to play a role in
insecticide resistance, and thus Cyp6g1 is a candidate
cause of the sweep. 
One remarkable property of the Doc insertion is that
an extraneous 72 base pairs of DNA at its 5′ end seems
to have been translocated from a 5′ flanking sequence
of the mitochondrial P450 gene Cyp12c1, thereby pos-
sibly introducing new controlling regions to Cyp6g1.
Certainly, the Californian lines bearing the Doc insert
have a higher level of Cyp6g1 expression than African
lines. There is also statistically significant evidence for
enhanced resistance to the insecticide DDT in the Cal-
ifornian lines, although the high between-line variation
in resistance among lines all with the Doc insertion
implies that the presence or absence of the insertion is
not the sole determinant of resistance. The size of the
region affected by the selective sweep allows the esti-
mation of the strength of selection at 2% per generation
favouring the new advantaged haplotype. 
Further evidence that insertion of mobile DNAs creates
an advantageous insecticide resistance at this locus
comes from comparison with D. melanogaster popula-
tions. Remarkably, in a similar location 5′ to Cyp6g1, Cal-
ifornian D. melanogaster have a high frequency insertion
of the gypsy-like LTR retro-transposon Accord. This
insertion occurs at a much lower frequency in other pop-
ulations. Again there is evidence that this insertion is
associated with DDT resistance and that a selective
sweep has occurred, but one that is smaller in extent than
in the D. simulans case and more tightly associated with
the Cyp6g1 gene.
If these apparent selective sweeps are indeed the
result of mobile DNA sequence insertions, why are
insertion mutations that alter the expression patterns of
adjacent genes in a selectively advantageous way not
more common? Why do these so rarely seem to spread
through the species as a whole? One can clearly create
a model in which insertions are eventually followed by
imprecise excisions, leaving behind a small fragment
only of the inserted sequence, or causing the loss of all
the insertion, along with some flanking host sequences.
Such a change might still create the advantageous phe-
notype, and thus one can imagine that an advanta-
geous insertion is replaced by its deleted derivative. A
recent sweep generated by a insecticide resistance
phenotype might not have had long enough for this
secondary event to have occurred.
The other, more disturbing, aspect of this study is
that the species is responding to a very strong, man-
made selective pressure, as is the case with many of
our best examples of recent adaptive change in wild
populations. Are these sudden man-made changes in
environments typical of the environmental changes that
wild populations encounter, and to which they respond
through evolutionary change? Or do environments
more usually change in such a gradual way that the
adaptive response is qualitatively different at the mole-
cular level. In other words, just as the mutations seen in
laboratories are not typical of the mutational changes
used in adaptive evolution, is it possible that the muta-
tional changes used in adaptive evolution triggered by
sudden mad-made environmental changes are not
typical of the mutational changes used in adaptation to
the more gradual environmental changes normally
encountered by wild populations? 
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